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ABSTRACT
Oil-ill A^-bisCitlicylideaminoiethane (ulen) manganese complexes were synthesised by Imlne
condensation reactions from chiral diamines and salicylaldehyde or substituted derivatives. Metal 
complexation to die ligand was done using Mn(OAc>24H20 followed by one electron oxidation 
with ferricenium hexafluorophosphate to  give the Mn (III) complex. Epoxidadons were carried 
out under various conditions with traru-stilbene as the model substrate.
I
2The development of a chiral catalyst which epoxidizes olefins is an important goal in 
organic chemistry. Synthetically, the formation of an oxacyclopropane ting is very desirable since 
these rings m  quite reactive due to the strain released upon stereospecific nucleophilic ring 
opening. Sharpless has achieved success in epoxidizing allylic alcohols using a titanium-tartrate 
catalytic system.1 The high selectivity observed is due to precoordination of the substrate by the 
hydroxy group, therefore restricting the degrees of freedom in the enantioselectivity-determining 
oxygen atom transfer step. Unfortunately, this functionality requirement greatly limits the 
substrate pool. By contrast, Groves has reported chiral epoxidations of unfunctionalized olefins 
catalyzed by iron porphyrin systems in which asymmetric induction occurs due to non-bonded 
interactions.2 However, these porphyrin systems are difficult to synthesize and the selectivity 
achieved is only moderate. Our epoxidation system is modeled after the achiral N,N'~ 
bis(salicylideamino)ethane (salen) metal complexes studied by Kochi.3 Our ligands contain two 
steieogenic centers near the metal where oxygen atom transfer occurs. Manipulation of the stcric 
bulk on the ligands allows for directed approach of the olefin. Imine condensation reactions were 
used to synthesize several salen ligands from chiral diamines and salicylaldehyde or substituted 
derivatives followed by metal insertion and one electron oxidation to form the Mn (III) complexes 
l(a-e) trans-Stilbene and ci.v-|$-methylstyrenc were used to test this epoxidation system under 
various conditions using catalyst l(a.b.d).
FIGURE I
• R’-Ph R*.H R**M R4-H 
b R’-H R*.Ph RJ-H R4.H
c R*.H R*.Ph R*»H R4-Bu 
d R1-H R*-Ph RVBu R4.H
• R’-ttnapthyl Rs-Bu R4«H
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RESULTS AND DISCUSSION 
SYNTHESIS OF CHIRAL DIAMINES
Saten ligands have been mode by Schiff base reactions of 1,2-diamines and salicylaldehyde 
or substituted derivatives. The chiral 1,2-diphenylethylcne 1,2-diamine was first prepared by a 
literature pmcedure as shown in Scheme I .4
SCHEME I
NbCMTHF)2
PhCN
BujSnH KF;KOH NHg
NH,
2
(24%)
The Vey step to this reaction involves the formation of a metal-protected a-amino radical that 
dimerizes to a diimido compound which upon hydrolysis gave 2- Potassium fluoride removed the 
majority of tributyltin chloride by formation of an insoluble fluoride polymer and potassium 
chloride. Experimental difficulty occurred in the filtration of these side products and may help 
explain the low yield. A second effort shown in Scheme 2 was made to synthesize 2 -5
SCHEME 2
6 * ,vV *NH.OAC HOAc
♦ N H j + U THF
3
(86 % )
,NHjNH<CIHgO P tW '* "*  
Ph^N H *
2
(84%)
The second method involved the formation of an isoimidazole i  using a simple one-pot reaction. 
Reduction of 2 was carried out at -78 °C with lithium metal. Despite the additional steps involved, 
this second method was preferred because of the higher yield. The racemic diamine was resolved
4by fractional ciystallizationofdiastereomerlc salts with optically pure mandelic acid.6 
SYNTHESIS OF SALICYLALDEHYDE DERIVATIVES
All o f the salicylaldehyde derivatives were provided with the exception of 2  which was 
prepared in low yield as shown in Scheme 3 by a modified version o f the Reimer-Tiemann
reaction.7 
SCHEME 3
Under basic conditions the electrophilic reagent dichlorocarbcne is generated and reacted with 4 at 
the ortho position. Water hydrolysis produced 2 which was separated from starting material by 
crystallization with semicurbazide hydrochloride. Hydrolysis by steam distillation afforded a very 
low yield of 2. Further purification by flash chromatography on silica gel was required. A 
significant amount of the product may have been lost during the steam distillation due to 
ineffective condensation of product from the vapor stream.
PREPARATION OF SALEN LIGANDS
In general, I eq of 1,2-diamine was dissolved in an aqueous ethanol solution and reacted 
with 2 eq salicylaldehyde or a substituted derivative to form i  bright yellow colored compound as 
shown in Scheme 4.
4 5
(2.8%)
5SCHEME 4
6
a R ' . P h R*«H R 3.H r4- h
b R1-H R *.P h r 3 .H R<.H
e R1.H R 2.Ph r 3-H R ^ B u
d R1-H R^.Ph r 3 .'B u R ^ H
t R 1«binapthy! R3.*Bu R<.H
The reaction between aldehyde and diamine occurred in 1 hour forming a yellow solution 
affording fi. In the formation of fig, NMR indicated that the product contained a significant 
amount of 2,2 ,-binapthyl-mono(3«fm«butylsalicylidcamino) ethylamine, and it required further 
purification by flash chromatography on silica gel. This was caused by incorrect stoichiometric 
amounts of starting material in the initial reaction. These compounds were characterized by lH 
NMR and elemental analysis.
PREPARATION OF Mn (II) AND Mn (III) COMPLEXES
The manganese (II) acetate was com p^xed to the salen ligand in a solvent mixture of 
ethanol / methanol under a nitrogen atmosphere at room temperature. The ligand was 
deprotonated by potassium hydroxide followed by reaction with Mn(0 Ac)2*4H20  as shown in 
Scheme S.
SCHEME S
1
a R * . P h
o 2 L u
r r w l R ® « H R * - H
b
R 1 - H R * . P h r r * n r * - h
e R 1 - H R * - P h
« 3 _ u
“ i n M a ’ B u
d R ’ 4 4 R * - P h R 3 . ^ R * - H
• R ' a b t n a p t h y I r 3 .< 8 u M o t
The reaction stirred overnight and the product was isolated by filtration. The manganese (ill) 
complex was prepared by one electron oxidation using ferricenium hexafluorophosphate which 
produced a color change from orange to dark brown. After removal of solvent, the residue was 
extracted to remove the ferrocene and the product crystallized. Attempts were made to synthesize 
the Mn (II) and Mn (III) complexes for ligand fig, but inconclusive results were obtained.
7ASYMMETRIC EPOXIDATION OF ALKENES CATALYZED BY MANGANESE 
COMPLEXES
Initially, the catalytic epoxidation of olefins was carried out under a nitrogen atmosphere, 
using omv-stilbene as a model substrate, 10% catalyst, and CU3CN as the solvent, The reaction 
was monitored by GC and the final product isolated by flash chromatography on silica gel. 
Optical rotation and HPLC were used to determine the enantiomeric excess, Several variations 
were made in the epoxidation conditions and the overall effect on the epoxidation determined.
CHOICE OF OXIDANT
lodosylbenzene was the first oxidant used because of its success in previous achiral 
systems.2 However, reactions using iodosylbenzene proceeded very slowly and required over 24 
hours for completion. Hence, a more sterically hindered oxidant was synthesized in a 3 step 
procedure as shown by Scheme
SCHEME 6
8trituration of & with 2 eq of NaOl I to afford the desired product iodosvlmesitylene, Epoxidations 
with 2 proceeded quickly and were complete in approximately 2 hours, The rate was facilitated 
when the oxidant was added in small portions every 15-30 minutes. At this point,
EFFECT OF SOLVENT COORDINATION
It was proposed that solvent cooidination may effect the reaction rate or enantiomeric 
excess of the epoxidations. To test this hypothesis, two epoxidations were run under the same 
conditions but using different solvents, CH2CI2 and THF. The Lewis basicity of the oxygen 
atom in THF may enable it to coordinate to the metal center of the catalyst as shown in Figure 2.
There appeared to be no significant difference in the rate or ee of the two reactions. The ee 
determined by HPLC was 18% with CH2G 2 and 15% with THF as the solvent. To examine this 
further, 10% pyridine was added to a third epoxidation in CH2O 2 which resulted in a low ee of 
4.8%. It is believed that coordination to the metal center by solvent or other ligands is important in 
optimixing this epoxidation system. The best results were obtained with the non-coordinating 
solvent CH2CI2.
FIGURE 2
Epoxidations were run under similar conditions to determine the effect of temperature on 
the selectivity. The results of three /rdn.v-stilbene epoxidations at -78 °C,() °C, and room 
temperature showed 0 °C to be the optimal temperature affording the highest ee of 32%. It was 
also found that the catalyst was stable to air and epoxidations could be carried out in unpurified 
solvents.
RATH OF REACTION
A comparison was made of the reaction rates of vis and trans epoxidation using the 
catalyst M  Equal amounts of /rmv-p-methylstyrene and d.v-|i methyl styrene were combined in 
a vial and diluted with CH2CI2. Five percent catalyst was used and a small portion (5%) of the 
oxidant 2 was added. GC analysis determined the rate of epoxidation to be 1.28 times faster with 
the vis olefin for which there is less stcric interaction in the side on approach of the olefin. 
Whereas, an unfavorable stcric interaction is possible for the trans olefin as illustrated in Figure 
3.
FIGURE 3
10
CONCLUSION
Simple inline condensation reactions have been used to synthesize N.AT-bis- 
(salicylideamino)ethane manganese (III) salts. These manganese complexes were used to 
epoxidize frmv-stilbene in low enantiomeric excess. The optimal conditions for this reaction were 
obtained at 0 °C using iodosylmcsitylene as the oxidant and CH2CI2 as the solvent. Future work 
includes the synthesis of other manganese complexes with a variety of electronically and sterically 
diverse ligands. These compounds will be tested as epoxidation catalysts with ttm t-stilbene as 
well as other substrates with the ultimate goal being the development of a practical asymmetric 
catalyst.
■ I *  :• : S C SSI' :S.:
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EXPERIMENTAL
GENERAL ASPECTS. Catalyst l(a.b) was provided by Eric N. Jacobsen. Catalyst 1  (d) 
and salicylaldehyde derivatives were provided by Wei Zhang. Experimental and characterization 
data of L2-Diphenyl-l,2-bis(salicylideamino) ethane was taken from the literature.H Melting 
points were obtained in open capillary tubes with a Thomas-Hoovcr melting point apparatus. Ml 
NMR spectra were obtained on a Varian XL-2(X) (2(X) M Hz) Fourier Transform spectrometer. 
Elemental analyses were performed at the Microanalytical Laboratory at the University of Illinois. 
Optical rotations were measured with a Jasco DIP-360 digital polarimeter used with the 
permission of the Denmark group. Enantiomeric excesses determined by HPLC were separated 
directly on a commercial (Regis) covalently-bound leucine Pirkie column. Gas chromatographic 
(G O  results were obtained with a Hewlett-Packard (H-P) 3890A gas chromatograph equipped 
with a J & W Scientific 30 m X .32mm ID DB-5 capillary column, a flame ionization detector and 
a H-P 3396 A integrator. Flash chromatography was performed using Wolem 32-63mm silica 
packed in glass columns. Analytical thin layer chromatography (TLC) was performed on silica 
coated on glass plates with either uv or phosphomolybdic acid used as a visualization technique. 
Manipulations in a Vacuum Atmospheres dry box with a DH-Train MO 40-2 inert gas purifier or 
by using standard Schlenk line techniques. Solvents used for oxygen or moisture-sensitive 
procedures were dried and degassed under a nitrogen atmosphere using the following techniques: 
Tetrahydrofuran (THF) wus distilled from sodium ketyl of benzophenone. Dichloromethane was 
distilled from calcium hydride. Reagents were obtained from commercial sources and were used 
as received unless otherwise noted.
NIOBIUM REAGENT, N bC M T H F h was prepared according to the method of 
Pedersen et al.4 A yellow-brown solid was obtained in 87% yield.
12
1,2-DIPHENYL ETHYLENE 1,2-DIAMINE (2) was first prepared according to the 
method of Pedersen et al.4 A white crystalline product was obtained in 24% yield. A second 
synthesis of 1,2-diphenyl ethylene 1,2-diamine was performed according to the method of Corey 
et al.* A white crystalline product was obtained in 72% overall yield.
3-/m-BUTYLSALlCYLALDEHYDE (£) A solution of NaOH (KO.O g, 2.0 mmol) and 
H2O (125 ml) was added to a solution of 2-fm-butylphenol (40.6 g, 0.30 mmol) dissolved in 
95% ethanol (120 ml). The reaction was heated to HO °C and CIICI3 was added dropwise until the 
reaction began refluxing. The heating source was removed and a gentle reflux maintained for 1 
hour by the addition of CHCI3. 12 M HC1 was used to acidify the reaction followed by the 
addition of wuter (40 ml) and extraction with ether (40 ml). The ether layer was washed with 
2x50 ml H2O, dried, and solvent re;noved at reduced pressure. Vacuum distillation (92 °C-140 
°C / 0.05 mm Hg) gave 11.29 g yellow liquid. The liquid was dissolved in ethanol (10 ml) 
followed by the addition of semicarbazide hydrochloride (819 g, 79,8 mmol), sodium acetate (12.3 
g, 150 mmol) and water (50 ml). Upon the dropwise addition of hexane a white precipitate 
formed which was recrystallized from 50% ethanol /  water. Hydrolysis by steam distillation in the 
presence of oxalic acid afforded a small amount of yellow oil which was extracted 3x with ether, 
dried and solvent removed at reduced pressure yielding 1.84 g of a yellow liquid. QC showed the 
presence of starting material. The product was isolated by flash chromatography (1.5 g, 2 .8% 
yield).
GENERAL PROCEDURE FOR PREPARATION OF CHIRAL SALEN LIGANDS 
A solution o f 1 eq of chiral diamine was dissolved in solvent followed by the addition of 2 eq of 
salicylaldehyde or a substituted derivative. The crude product was purified as described below for
13
1,2 DIPHENYL- l,2-BIS(SALICYLIDEAMINO)ETHANE (fuJl)
1,2-diamino- 1,2-diphenyl-ethane (1.7g, 7.9 mmol) and salicylaldehydc (1.9 g, 15.9 mmol) were 
dissolved in benzene (33 ml) and stirred for 1 hour. The homogeneous yellow solution was 
concentrated to dryness and the residue recrystallizcd from benzene / heptane to afford 2.4 g 
(70.6% yield) of a bright yellow crystalline product. *H NMR (CDCI3) 8 4.88 (s, 2H), 6.9-7.4 
(m, !8H), 8.46 (s, 211), 13.47 (s, 211). ^C N M R  (CfiD6) 8 80.29, 117.3, 118.7, 119.0, 128.5, 
132.1, 132.8, 139.8, 161.7, 166.5. |a |w -14.5° (<:, 1.09, CftH*). Anal. Calcd. for C28H24N2O2: 
C, 79.97; H, 5.75; N,6.66; Found; C, 79.98; H, 5.76; N,6.66.
1,2-DIPHENYL- l,2-BIS(5-rm -BUTYLSALlCYLIDEAMINO)ETHANE (fit)
l,2-diamino-1,2-diphcnylethane (0.50 g, 2.36 mmol) was dissolved in ethanol (10 ml) followed 
by the dropwise addition of a solution of 5-rm-butylsalicylaldehyde (0.915 g, 4.71 mmol) and 
ethanol (5 ml) which afforded 1.19 g (95% yield) of a bright yellow solid. *H NMR (CDCH) 8 
13.15 (s, 211), 8.40 (s, 2H), 7.43-7.21 (m, 16H ),7.l8(d, 2.5 Hz, 2H), 4.78 (s, 2H), 1.29 (s, 18H). 
Anal. Calcd. for C ^it()N 202 : C, 81.16; H, 7.57: N, 5.26. Found: C, 81.10; H, 7.56;
N, 5,21.
2 ,2 -BlNAPHTHYL(3-rm -BUTYLSALtCYLIDEAMINO)ETHANE (fig)
The camphorsulfonic acid salt of binapthylamine (1.03 g, 1.42 mmol) was dissolved in ether and 
treated with 6M NaOH (100 ml). The reaction mixture was extracted 3x with ether, dried over 
sodium sulfate, then concentrated to dryness to afford 0.62 g (153% yield) of the free diamine. 
Binaphthyl diamine (0.62 g, 2.18 mmol) was suspended in ethanol and a solution of 3-rerr- 
butylsalicyluldehyde (0.82 g, 4.58 mmol) and ethanol (5 ml) was added dropwise. The reaction 
was refluxed for 5 hours forming a yellow solution. With the dropwise addition of H20, 0.85 g
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(62 % yield) of a bright yellow precipitate formed. Hi NMR indicated that the product was 
contaminated with 2,2'-binapthyl-mono(3-/m-butylsalieyIidcamino) ethylamine and required flash 
chromatography on silica gel (10% CH2CI2 /  hexane). Removal of solvent afforded 0.19 g 
(13.9 % yield) of the desired product.
GENERAL PROCEDURE FOR PREPARATION OE Mn (II) CHIRAL SALEN 
COMPLEXES A solution of KOH and ethanol was added by pipette to a stirring suspension of 
the salen ligand in ethanol until the solution became homogeneous. The addition of 1 eq 
manganese (II) acetate tetrahydrate in methanol caused a color change to occur and a precipitate 
formed which was isolated by filtration.
((/?,/?)-1,2-DIPHENYL-1,2-BIS(5-fer/ -BUTYLSALICYLIDEAMINO) ETHANE)- 
MANGANESE (II) COMPLEX Under a nitrogen atmosphere, fig (0.80 g, 1.5 mmol) was 
suspended in ethanol (15 ml). A solution of KOH pellets (0.17 g, 3.0 mmol) dissolved in ethanol 
(4 ml) was added by pipette. The mixture became homogeneous and yellow in color. The 
addition of a MnOAc2*4H20 (0.33 g, 1.50 mmol) in methanol (4 ml) produced a color change 
from yellow to red orange. The reaction was stirred overnight and upon filtration gave 0.56 g 
(64% yield) of an orange precipitate.
GENERAL PROCEDURE FOR PREPARATION OF Mn (HI) CHIRAL SALEN 
COMPLEXES
To a solution of Mn (II) complex dissolved in CH3CN a solution of ferricenium 
hexaflurophosphate in CH3CN was added. The mixture wa ^  birred for one hour and purified.
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((/?,/?)-1,2-DIP!IFNYL- l,2-B!S(5-fm  -BUTYLSALICYLIDEAMINO) ETIIANE)-
MANGANESE (III) IIEXAFLUROPHOSPHATE Q£)Thc metal complex (0.56 g, .96 mmol) 
was dissolved in C! IjCN (13 ml) and to this stirring mixture a solution of ferricenium 
hexafluorophosphate (0.22g, 0.6 mmol) in CH3CN (19ml) was added by pipette. During the 
course of stirring for 1.5 hours, the reaction mixture turned dark brown and homogeneous.
Solvent was removed and the remaining residue was extracted 3x with ether and precipitated 0.53
g (48% yield) from a hexane / acetone solvent.
lODOMESITYLENE (2) was prepared by a literature procedure.8 111 NMR (CDCIj) 8 
2.19 (s, 3! I), 2.39 (s, 6! 1), 6.83 (s, 2! I)
IODOSYLMESITYLENE DIACETATE (j&) was prepared by a variation of Pansacker's
procedure for iodosylhenzene diacetate.^ A 2-necked round bottom flask equipped with 
condenser was charged with H2O2 (7,5 ml) and acetic anhydride (33 ml) and heated to 40 °C for 
4 hours. lodomesitylene (6.59 g, 26.7 mmol) was added by pipette and the reaction stirred 
overnight. Solvent was removed at reduced pressure. A yellow residue remained which was 
triturated with ether (20 ml) and filtered affording 0.76 g (7.8$ yield), mp 169-170.5 °C.
IODOSYLMESITYLENE (2) was prepared by Saltzman's procedure for iodosobenzene 
in 66% yield.10
GENERAL PROCEDURE FOR CATALYTIC EPOXIDATION OF OLEFINS 
A 15 ml round bottom flask was charged with 1 mmol of olefin, 10 ml solvent, and 0.1 mmol 
catalyst. The resulting brown solution was stirred until it reached the desired temperature, 
iodosylmesitylene was added in 0.3 mmol portions at 15-30 minute intervals until the 
disappearance of the starting olefin was indicated by GC. litis required the addition of 1.2-2.0 eq
16
of oxidant. Solvent was removed at reduced pressure, the residue was extracted with hexane and 
filtered through Celitc. The pure epoxide was isolated by flash chromatography.
17
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